Kinesin family member C1 (KIFC1) is implicated in the clustering of multiple centrosomes to maintain tumor survival and is thought to be an oncogene in several kinds of cancers. In our experiments, we first performed bioinformatics analysis to investigate the expression levels of KIFC1 in bladder cancer (BC) specimens and normal bladder epitheliums and then, using our samples, verified findings by quantitative real-time PCR and western blotting assays. All data showed that KIFC1 was significantly upregulated in BC specimens at both the mRNA and protein levels. Immunohistochemical studies in a cohort of 152 paraffin-embedded BC tissues displayed that upregulated expression of KIFC1 clearly correlated with pT status (P = .014) and recurrent status (P = .002). Kaplan-Meier survival analysis and log-rank test indicated that patients with BC with high KIFC1 expression had both shorter cancer-specific survival (P < .001) and recurrence-free survival time (P < .001) than those with low KIFC1 expression. Furthermore, ectopic downregulation of KIFC1 weakened BC cell proliferation and migration both in vitro and in vivo, whereas upregulation of KIFC1 enhanced this in vitro. Overexpression of KIFC1 phosphorylated GSK3β and promoted Snail through activating AKT (protein kinase B0) to induce proliferation and epithelial-mesenchymal transition (EMT) and, therefore, substantially promoted BC migration and metastasis. Our study revealed an oncogenic role for KIFC1 to promote BC cell proliferation and EMT via Akt/GSK3β signaling; KIFC1 might be a promising prognostic biomarker as well as a therapeutic target for BC.
| INTRODUC TI ON
With its high rate of morbidity and mortality, bladder cancer (BC) caused c. 549 000 new cases and 200 000 reported deaths worldwide in 2018. 1 Moreover, BC was the fourth most common malignancy in American males and the sixth most common in Chinese males. 2, 3 Urothelial carcinoma of the bladder, which is the most common histopathologic type of BC, can be categorized into two types.
While nonmuscle-invasive BC (NMIBC) has a high tendency to relapse and progress into muscle-invasive BC (MIBC), 25%-80% of MIBC will eventually develop distant metastases, resulting in a 5-y survival rate of <50%, despite surgery and adjuvant therapies including radiotherapy and chemotherapy. [4] [5] [6] [7] Therefore, there is an urgent need to determine the underlying molecular mechanisms in the tumorigenesis and/or metastasis of BC and to develop some new targeting drugs.
Kinesin family member C1 (KIFC1), also known as HSET, is a minus end-directed motor protein that is related to microtubule transport, centrosome clustering, and spindle formation during mitosis. [8] [9] [10] [11] KIFC1 is located on chromosome 6p21.32 and belongs to the kinesin-14 family of motor proteins that also includes KIFC2
and KIFC3. 12 KIFC1 has been previously reported to participate in several biological functions including vesicular and organelle trafficking, 8 oocyte development, 13 spermiogenesis, 14 and double-stranded DNA transportation. 15 Rath et al [16] [17] [18] reported that, although KIFC1 was nonessential in normal somatic cells, it was indispensable for tumor cells to prevent aneuploidy and cell death via its centrosome clustering mechanism. Therefore, KIFC1 was considered to be a promising chemotherapy target that led to the development of several inhibitors such as AZ82 and CW069. 12 To date, KIFC1 has been reported to be overexpressed in various cancers. Xiao et al 19 suggested that KIFC1 facilitated the proper cell division of a human seminoma. Other groups have reported that KIFC1 promoted hepatocellular carcinoma epithelial-mesenchymal transition (EMT) and metastasis through gankyrin/AKT signaling. 20 Similarly, KIFC1 was also correlated with metastasis in breast cancer, ovarian adenocarcinoma, and brain metastasis of nonsmall-cell lung cancer. [21] [22] [23] Moreover, KIFC1 was able to induce drug resistance against taxane in prostate cancer, 24 tamoxifen, and docetaxel in breast cancer. 25, 26 Furthermore, upregulation of KIFC1 has been identified in several solid human cancers including esophageal squamous cell carcinoma, gastric cancer, and renal cell carcinoma. [27] [28] [29] These data, together, suggested that KIFC1 plays a crucial oncogenic role in tumorigenesis.
However, to date, the biological roles and underling molecular mechanisms of KIFC1 in the pathogenesis of BC remain largely unknown. In the present study, we first investigated the expression pattern of KIFC1 in BC tissues and then demonstrated the relationship between KIFC1 expression and the clinicopathological features of patients with BC. Next, we upregulated or downregulated the expression of KIFC1 to determine its roles in proliferation, migration, and metastasis of BC cells. Furthermore, we explored the possible roles of KIFC1 in EMT, and also uncovered potential molecular mechanisms.
| MATERIAL S AND ME THODS

| Bioinformatics analysis of human publicly available datasets
mRNA-seq data of BC patients from The Cancer Genome Atlas (TCGA) 30 were downloaded from http://fireb rowse.org/ (a Broad
Institute TCGA genome data analysis center) at the 2016_01_28 run, and data from GSE13507 were obtained from Gene Expression
Omnibus (GEO) 31 datasets, which are found in the National Center for Biotechnology Information Search database (NCBI) (https ://www.ncbi.
nlm.nih.gov/).
| Cell lines and cell culture
Human normal bladder cell SV-HUC-1 and BC cell lines (T24, 5637, TCCSUP, UMUC3, J82 and RT4) were acquired from the American Type Culture Collection (ATCC). BIU87 was obtained from the China Center for Type Culture Collection. All cells were cultured in Dulbecco's modified Eagle's medium (DMEM) or RPMI 1640 medium containing 10% fetal bovine serum (Gibco), 100 U/mL penicillin and 100 U/mL streptomycin and then were incubated in an humidified atmosphere with 5% CO 2 in air at 37°C. 
| Patients and specimens
| Immunohistochemistry (IHC) analysis
Immunohistochemistry studies were carried out to determine different KIFC1 protein expression patterns in our cohorts of 152 human BC specimens using a method similar to that reported previously. 32 First, all paraffin-embedded BC specimens were cut into 4-μm sections and baked at 65°C for 1 h. Sections were deparaffinized with xylene (once for 15 min, three times), these specimens were then rehydrated in concentration gradient ethanol solutions (100%, 95%, 70% and 50%, each for 3 min). Then, EDTA antigenic retrieval buffer (pH 8.0) and high pressure were used to retrieve antigen. BC samples were then processed with 3% hydrogen peroxide for 10 min to extinguish any endogenous peroxidase. Next, 5% bovine serum albumin was used to block nonspecific sites. Subsequently, rabbit monoclonal anti-KIFC1 antibody (ab172620, 1:250 dilution, Abcam) was prepared and tissue slides were incubated overnight at 4°C. PBS was used as the negative control. Slides were washed and processed with prediluted anti-rabbit secondary antibody (Dako), then slides were immunostained using diaminobenzidine (Dako) and counterstained with 10% Mayer's hematoxylin.
Immunohistochemistry staining for KIFC1 was assessed using a semi-quantitative scoring system by recording staining intensity as well as the proportion of positively stained cells. Specifically, the intensity of staining was scored as 0 (no staining), 1 (weak staining, light yellow), 2 (moderate staining, yellow brown) or 3 (strong staining, brown). The proportion of positively stained cells was graded as follows: 0 (0%), 1 (1%-9%), 2 (10%-29%), 3 (30%-49%) and 4 (≥50%). Immunoreactivity score (IS) was separately evaluated by two independent pathologists who were blinded to the clinical parameters; IS was then recorded as the product of staining intensity and the proportion of positively stained cells. As the median score of these 152 BC tissues was 3, scores ≤ 3 were defined as low KIFC1 expression, while scores > 3 were indicated as high KIFC1 expression.
| Protein extraction and western blotting analysis
Total protein from frozen tissues and cultured cells was harvested using RIPA buffer (Beyotime Technology) and adding proteinase inhibitor cocktail (Roche). The Pierce™ BCA Protein Assay Kit (Thermo Fisher Scientific) was used to quantify protein concentration; 30 μg protein was used for loading. The following primary antibodies were used:
anti-KIFC1 (ab172620, Abcam); anti-GAPDH (ProteinTech Group Inc.);
anti-E-cadherin, anti-β-catenin) and anti-vimentin (Becton Dickinson Transduction Laboratories); anti-Snail, anti-AKT, anti-phosphorylated Akt (pAkt), anti-GSK3β and anti-phosphorylated GSK3β (pGSK3β) (Cell Signaling Technology).
| Construction of the recombinant lentiviral vector
Commercialized lentiviral vectors expressing KIFC1 short hairpin RNAs (shRNAs) were purchased from GeneCopoeia. Target 
| Cell counting kit-8 (CCK-8) assay
CCK-8 reagent (Beyotime Technology) was adopted to measure cell viability according to the manufacturer's protocols. A density of 2000 cells per well was seeded onto 96-well plates, the viabilities of which were recorded every 24 h up to day 5.
| Colony formation assay
In total, 500 cells per well were inoculated onto 6-well plates and then cultured for c. 2 wk. The generated colonies were then fixed with methanol, and stained with 0.1% crystal violet to calculate the number and size of colonies.
| Cell wound-healing assay
Bladder cancer cells were first seeded onto 6-well plates and grown until confluent. Each well was then scratched with a sterile 100-mL pipette tip to create three to five artificial homogeneous wounds, remaining cells were then cultured in a serum-free medium. Cell migration was captured using an inverted microscope at 0 h and 24 h.
| Transwell migration assay
Here, 5 × 10 4 BC cells were seeded in serum-free medium in the upper chamber while 10% FBS medium was added to the lower chamber . Cells were incubated at 37°C for 24 h. Invading cells were fixed, stained and then counted under a microscope (Nikon Eclipse 80i).
| Immunofluorescent staining assay
Bladder cancer cells were fixed, membranes were permeabilized with 0.5% Triton-X-100, and then cells incubated with mouse anti-E-cad- 
| Experimental metastasis model
| Statistical analysis
All functional experiments were carried out three times, results are represented as mean ± standard deviation (X ± SD). Student's twotailed t test and Wilcox test were, respectively, adopted to assess differences in continuous and discrete data. Correlations between KIFC1 expression and clinicopathological features were carried out using the chi-squared test. Survival curves were built using the Kaplan-Meier method and then analyzed using log-rank test, while the Cox proportional hazards regression model was used for both univariate and multivariate survival analysis. SPSS 21.0 software (IBM Corp.) and GraphPad Prism 7.0 (GraphPad Software) were used for statistical assessments and plotting. A P-value < .05 was considered as statistically significant.
| RE SULTS
| KIFC1 was frequently upregulated in BC
To investigate the status of KIFC1 expression in BC, we first performed bioinformatics analysis on human BC datasets publicly available from TCGA and GEO. In both datasets, KIFC1 mRNA expression levels were markedly upregulated in BC tissues compared with normal bladder epitheliums (P < .001, Figure 1A ,B). Analogously, in a cohort of 41 paired fresh BC tissues and normal adjacent epitheliums from our center, the KIFC1 mRNA expression level measured by qPCR was dramatically upregulated compared with the adjacent normal tissues (P < .001, Figure 1C ). Furthermore, western blotting assay demonstrated that KIFC1 protein expression was significantly upregulated in 15 out of 17
human BC tissues compared with the paired normal tissues (P = .002, Figure 1D ). These preliminary data demonstrated that KIFC1 was usually upregulated in BC.
| KIFC1 was closely associated with poorer prognosis in BC
To evaluate the potential clinical and prognostic values of KIFC1 expression in BC patients, we examined the KIFC1 protein expression level using IHC in a large cohort of 152 BC patients.
Results showed that 73/152 (48.0%) of BC cases examined had overexpression of KIFC1 (Table 1) , whereas KIFC1 expression in the non-neoplastic bladder tissues was absent or at low levels.
KIFC1 was mostly positioned in the nucleus of the BC tissues.
KIFC1 staining of representative samples of BC and normal bladder tissues, and the distribution of KIFC1 staining intensity in 152 patients with BC are shown in Figure 2A ,B. In correlation analysis between KIFC1 expression and clinicopathological parameters of BC patients, we found that high KIFC1 expression was apparently associated with tumor pT status (P = .014) and recurrence status (P = .002) ( Moreover, Kaplan-Meier survival analysis and log-rank test determined that patients with BC and with high KIFC1 expression had shorter cancer-specific survival times (CSS, P < .001) and less recurrence-free survival (RFS, P < .001) than patients who had low KIFC1 expression ( Figure 2C,D) . Furthermore, subgroups of different T stages, pN−, age > 60 and male patient with BC revealed that patients with BC and with high KIFC1 expression had a lower CSS than patients with low KIFC1 expression ( Figure 2E ). Additionally, univariate analyses indicated that age (P = .047), pT status (P < .001) and KIFC1 expression (P < .001) were significantly associated with the CSS of patients with BC ( 
| KIFC1 promoted the proliferation and migration of BC cells in vitro
To explore the functional role of KIFC1 in BC cells, we first detected KIFC1 expression in normal bladder cell line SV-HUC-1 and seven BC cell lines using western blotting. KIFC1 was overexpressed in TCCSUP and BIU87 cells, and expressed less in SV-HUC-1 and T24 cells ( Figure 3A) .
Therefore, SV-HUC-1 and T24 cells were selected to construct KIFC1 knockdown cells and T24 cells were selected to construct KIFC1-OE knockdown cells. The efficiency of ectopic expression was evaluated through western blotting ( Figure 3B ). Next, cell proliferation assays, including CCK-8 and colony formation assays, showed that upregulation of KIFC1 increased the viability of BC cells and distinctly generated more colonies compared with the control cells, whereas downregulation of KIFC1 had the opposite effect ( Figure 3C,D) . In addition, wound-healing and transwell migration assays demonstrated that the migration rate was increased in KIFC1-OE T24 cells and reduced in the KIFC1-silenced F I G U R E 3 Overexpression of KIFC1 promoted the proliferation of BC cells in vitro. A, Expression levels of KIFC1 protein in normal bladder cell SV-HUC-1 and seven BC cell lines by western blotting. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was adopted as the loading control. B, Western blotting revealed that KIFC1 was stably knocked down or overexpressed in corresponding BC cells. C and D, The proliferation ability of stably transfected BC cells were determined by CCK-8 and colony forming assays. sh, short hairpin RNA; *P < .05; **P < .01 cells TCCSUP and BIU87 ( Figure 4A,B) . These above data indicated that KIFC1 was required for cell proliferation and migration of BC cells.
| Downregulation of KIFC1 inhibits metastatic potential of BC cells in vivo
To determine if KIFC1 plays a role in BC metastasis in vivo, two groups of 4-wk-old BALB/c nude mice were injected intravenously with either TCCSUP-shC cells or TCCSUP-sh1 cells. At 8 wk after cell injection, all mice were sacrificed and metastatic lung nodules were examined.
Results showed that the numbers of metastatic lung nodules in mice injected with TCCSUP-sh1 cells were less than those in the control cells; this result was confirmed by subsequent hematoxylin and eosin (H&E) staining of metastatic lesions in the lungs ( Figure 4C ).
| KIFC1 could induce EMT in BC
EMT is one of the key steps during invasion and metastasis of tumors. In our study, as KIFC1 was closely related to BC recurrence and promoted the migration of BC cells, we then wanted to see As determined by western blotting assay, KIFC1 could upregulate the expression of mesenchymal-related markers (vimentin and Snail) and inhibit epithelial markers (E-cadherin and β-catenin)
in KIFC1-OE T24 cells, whereas downregulation of mesenchymal-related markers and upregulation of epithelial markers were observed in KIFC1-silenced TCCSUP and BIU87 cells ( Figure 5B ).
Immunofluorescence staining confirmed that overexpression of KIFC1 impaired E-cadherin expression and increased vimentin expression, while downregulated expression of KIFC1 increased E-cadherin expression and decreased vimentin expression ( Figure 5C ).
| KIFC1 promoted AKT and GSK3β phosphorylation to induce EMT and proliferation
Activation of AKT has an important role in inducing EMT by phosphorylating GSK3β, thereby leading to Snail's stabilization, as well as nuclear localization and finally triggering cell migration and EMT. 33 Liu and colleagues reported that Maelstrom promoted hepatocellular carcinoma metastasis by inducing EMT via Akt/GSK3β/Snail signaling. 34 In our study, results from western blotting showed that, in the KIFC1-silenced BC cells, expression of pAkt, pGSK3β, and Snail were consistently downregulated, whereas these genes were upregulated in KIFC1-OE cells ( Figure 6A ), which indicated that KIFC1 might also induce EMT through the same signaling.
To confirm our hypothesis, a PI3K inhibitor LY294002 was used to inhibit AKT activity in a rescue experiment. KIFC1-OE cells were first treated with LY294002 (final concentration 20 μmol/L), and then cultured for 24 h for further study. Western blotting assay demonstrated that LY294002 could distinctly decrease the expression levels of pAkt, pGSK3β and Snail, which were previously upregulated by KIFC1 ( Figure 6B ). Transwell migration and woundhealing assays, which were associated with the malignant cancer phenotype, showed that LY294002 could effectively decrease the migration ability of KIFC1-OE cells (P < .05, Figure 6C ,D).
Furthermore, both CCK-8 and colony formation assays demonstrated that, to some extent, LY294002 could also impair the proliferation of BC cells through inhibiting phosphorylation of AKT and GSK3β (P < .05, Figure 6E ,F). In summary, KIFC1 promoted the migration, metastasis, and proliferation abilities of BC via Akt/GSK3β signaling. 
| D ISCUSS I ON
Due to frequent tumor recurrence and distant metastasis, BC is considered a high economic-burden malignancy with unsatisfactory prognosis. To date, many basic research studies have been conducted to find biomarkers for BC, only a tiny minority of which have been widely applied to clinical practice. Hence, there is still a need to find effective biomarkers for BC diagnosis and to predict its prognosis.
KIFC1, which plays an important role in the bipolar mitotic division of cancer cells, is greatly significant in maintaining cancer cell survival, but is redundant in normal cells. 12 KIFC1 had been reported to drive tumor proliferation, metastasis, and drug resistance in several cancers, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] and is related to shorter overall survival rate and poor prognosis, suggesting that KIFC1 might be a promising therapeutic target. However, the relationship between KIFC1 expression and prognosis of BC remained unclear.
In our current study, we first performed bioinformatics analysis on human publicly available BC datasets as the learning cohort to investigate mRNA expression in KIFC1. Findings were validated using BC fresh tissues and paraffin-embedded specimens from our center.
Results showed that KIFC1 was upregulated at both the mRNA and protein levels in BC tissues, consistent with the expression pattern of KIFC1 in other reported tumors. [19] [20] [21] [22] 27, 29 teristics of pT status, pN−, age > 60 and male sex had a poorer CSS than those with low KIFC1 expression. In addition, univariate and F I G U R E 6 KIFC1 activated Akt/GSK3β signaling to induce proliferation and EMT of BC. A, The expression of total Akt, pAkt, total GSK3β and pGSK3β were detected by western blotting. GAPDH was used as the loading control. B, Western blotting analysis indicated that PI3K inhibitor LY294002 (LY) could effectively decrease expression levels of p-AKT, p-GSK3β and Snail induced by KIFC1. C-F, Wound-healing and transwell migration assay showed that LY could inhibit the migration ability of KIFC1-OE cells, and CCK-8 and colony formation assays revealed the suppressive effect in proliferation of BC cells of LY. *P < .05 multivariate analyses confirmed that pT status and KIFC1 expression were independent prognostic factors for BC. EMT is an important mechanism responsible for invasion of malignant tumors. To be specific, EMT confers tumor cells with various malignancy characteristics including increased mobility, aggressiveness, a stem-like phenotype, as well as evasion from apoptosis. In conclusion, our present study demonstrated that high KIFC1 expression, frequently seen in BC tissues, was significantly associated with poor prognosis of patients with BC and might be a potential prognostic biomarker and therapeutic target for BC. KIFC1
plays an important oncogenic role by promoting the aggressiveness of BC.
Bladder cancer cells proliferate, migrate, and metastasize both in vitro and vivo, due to KIFC1 induction of EMT via Akt/GSK3β signaling and enhanced proliferation, migration, and metastasis of BC.
